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ABSTRACT

A high-resolution ultraviolet (U V) spectrometer was employed
for the first measurement of the H Lyman-a (H La) emission Doppler

d profile from dissociative excitation of H#y electron impact. Analysis
of the deconvolved line profile reveals the existence of a narrow
central peak of 40 + 4 m~ FWHM and a broad peclestal  base about
240 m~ wide. Three distinct dissociation mechanisms account for
this Doppler structure. Slow H(2p) atoms characterized by a
distr ibution function with peak energy near 80 meV produce the
peak profile, which is nearly independent of the e lec t ron  impac t
energy. S l o w  H(2p) a toms arise f rom d i rec t  d i ssoc ia t ion  a  n  d
predissociation of singly excited states which have a dissociation
limit of 14.68 eV. The wings of H La arise from dissociative
excitation of a series of doubly excited states which  c ross  the
Franck-Condon region between 23 and 40 cV. The profile of the
wings is dependent on the electron impact energy, and t h e
distribution function of fast H(2p) atoms is, therefore, dependent on
the electron impact energy. The fast-atom kinetic energy distribution,&
at 100 eV electron impact energy spans the energy range from 1-10
CV with a peak near 4 eV. For impact energies above 23 eV the fast
atoms contribute to a slightly asymmetric structure of the l ine
profi le.  A third type of dissociat ion process is  found from the
observation of a threshold for cascade from the Balmer-a line. The
absolute cross sections of the H Lcx line peak and wings w e r e
measured over the range from 0-200 eV. Analytic model coefficients
are given for the measured
planetary atmosphere auroral

cross sections which can be applied to
and dayglow  calculations.
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INTRODUCTION

H I.cx line emission through dissociative excitation of Hz is a n
important process in the upper atmospheres of the outer planets. The
most prominent emission line in the uv airglow  and aurora of [he

r
four ,outer planets, whose atmospheres are dominated by hydrogen,

!/0; I is H Let (Broadfoot et al., 1979, 1986, 1989). Following the first u v
spectra of Jupiter’s aurora and airglow by the Voyager u v

spectrometer ( B r o a d f o o t  e t  a l . ,  1 9 7 9 )  a n d  [he I n t e r n a t i o n a l
Ultraviolet Explore~IUE) (Clarke et al., 1980), it became clear that
energy outputs of 1 O‘~ - 1014 W&-were present in the form of
electron excitation in Jupiter’s aurora (several orders  of magnitude
greater than in the Earth’s aurora). The excitation yielded H  La
emissions of the order of 100 kll brightness, ancl the  an t ic ipa ted
yield of superthermal H atoms by dissociative excitation of H2 could
then contribute to the dynamics of Jupiter’s upper atmosphere. The
first measurement of Jupiter’s aurora] H  La l i n e  p r o f i l e  w a s

-%-

f? L,’

/’ .

performed with the IUE at 0.14 -~ resolution
the Doppler signature of precipitating fast
produce a pronounced red-shifted emission
proton charge exchange into an excited
radiation. The IUE auroral  spectra showed
proton auroral emissions at redshifts of 1-2

in an attempt to detect i’
protons, which would
component from fast

state a n d  s u b s e q u e n t
no indication of such
~. However,  they did

reveal a dramatic broadening of the auroral  line of the order of 10-
30 knl/sw?%~otions,  with broad wings of the emission line extending
out roughly + 1 ~ from line center (Clarke et al., 1989). High - j
resolution measurements of H La emission from Jupiter’s aurora b“y
the Hubblc  Space T~lescope  Goddard High; Resolu t ion  Spec t rometer  ~
similarly reveal  a +~iwide profile (Clarke et al.,1994). Multiple ,/:

scattering within the line does not account for the %roadened l i n e
profile (Clarke et al., 1991). These line profiles indicated a population
of fast emitting
expected from
would also be
collisions with
emissions, and

H-atoms with velocities in excess of the fast atoms
dissociative excitation of H 2. Dissociative excitation
present, in view of the large number of electron
Hz revealed in [he H2 W e r n e r  a n d  L y m a n  b a n d

an accurate measurement of  the  d i ssoc ia t ive
excitation line profile was needed to be able to model this component
of the observed line broadening.

Unexpectedly bright UV emissions (including H La) were also
observed from Jupiter’s equatorial regions, as well as from t h e



>
/

airglows  of the other giant  planets (Shemansky, 1985; Clarke et
al.,1987). There was initially substantial disagreement about the
process  by  which  these  emiss ions  were  produced ,  evolv ing  in
part as a debate on the relative contributions
excitation and by solar  resonance scattering
Specifically, Jupiter’s “H Ly u bulge” emission
consistent with resonant scattering of solar La w
line width, requiring a supertherrnal  population

by charged particle
and fluorescence.

Was shown to  be
th a large planetary
of 5-10 km/s<H -

atoms in the uppermost atmosphere. This equatorial  emission
feature, fixed with respect to Jupiter’s magnetic field, appears bright
because the planetary line is broad and scatters more of the very
broad solar line, rather than due to a greatly enlarged column of H
atoms. The next clear question concerns the source of the fast atoms,
and dissociative excitation, again, is a candidate process. The  La
emission produced by electron collisions is limited to a small fraction
of the observed emission, due to the strict upper limit to Hz band
emission, but fast H-atoms, produced high in the atmosphere, might
contribute to the observed line broadening depending on the details
of the velocity distribution resulting from dissociative excitation,

Detailed modeling of a planetary H La emission line profile
requires knowledge of the kinetic energy distribution of various
processes leading to a broad line profile. In this paper, w e
concentrate on the analysis of the first measurement of the H Let line
profile from dissociative excitation of Hz by electron impact.

The line profile studies of the valious members of the Lyman
series from dissociative excitation of H 2 leads to the determination of
the kinetic energy distribution of the atomic H fragments from each
dissociation limit. The uv line profiles of the higher members of the
Lyman series can be modeled from detailed knowledge of the Balmer
series in the visible region. However, the kinetic energy distribution
function of H(2p) atoms from dissociative excitation of H 2 has not
previously been measured. By analogy to l ine profi le results ,
obtained from the kinetic energy distribution of H(nt, n=3, 4, 5 )
atoms, two distinct maxima in the kinetic energy distribution are
expected (Ogawa and Higo, 1979; Higo et al., 1982; Nakashima et al.,
1992). In addition, the kinetic energy  distr ibution o f  metastable
H(2s) atoms from dissociative excitation of Il,Jy time-of-flight (TOF)
studies has been the subject of much published research (Misakian
and Zorn, 1972; Carnahan  and Z,ipf, 1977; Spezcski  et al., 1980; Ryan
et al., 1972; Cz,uchlewski and Ryan, ]973;  IJevclltha] et ai., 1967)0 A

4



comparison of the H(2p) and
importance in understanding
process which can occur from
The former set of states leads

H(2s) distributions is of fundamental
the branching of the Hz dissociation

singly excited or doubly excited states.
to the “slow” component and the latter

leads to the “fast” component. The Balmer-{~ line profile shows a
characteristic narrow central peak (-300 m~ FWHM) from the slow
component and a broad wing  ( -1 .8  ~ F W H M )  f r o m  t h e  f a s t
component. Since the Doppler displacement i s  p ropor t iona l  to
wavelength, five to six times narrower line profiles can be expected
in the vacuum ultraviolet (VUV) spectral region.

The Balmcr  line profiles have been found to be asymmetric.
Further understanding of the asymmetry of the Balmer  series line
profiles has been accomplished by measurements of the angular
intensity dependence (Nakashima et al.,. 1987) and by measurements
of optical excitation functions for the wings and core of the Balmer
lines (Ogawa et al., 1992). These sets of measurements give clues on
the symmetries of the intermediate dissociating states. In  th i s
experiment, we provide highly sensitive first xtime measurements of x
the H I.u line profile and the excitation functions of the H La line core
and blue wing. We clearly see an improvement in signal-to-noise 1-”,~1~~
( S / N )  i n  t h e  v u v  o v e r  H(nt) l ine profile~measuremcnts m a d e  i n  t h e  ‘
visible and time-of-flight (TOF) ]measurements of H(2s) excitat ion
functions. The detailed threshold structure of  H(2p) s h o w s  t h e
appearance potential of doubly excited states contributing to the
Doppler  p rof i le  in  the wings and cont r ibu tes  to a  b e t t e r
understanding
past.

The  ind
modified Born
serve as a test

of the fast H(2s) component from experiments in the

vidual excitat ion functions are modeled b y  t h e
function (Shemansky, 1985 a, b). The present results
of the cross section model that we recently developed

for a lower resolution measurement of the H La line in which w e
predicted the quantum yield of fast and slow processes (Ajello  et al.,
1991).

EXPERIMENTAL ,

1’

f

The experimental system has  been  descr ibed  by Liu e t
\

.“
al. (1995). In brief, the experimental system consists of a high-
reso lu t ion  3-n~eter uv spectrometer in tandem with an electron
impact collision chamber. A resolving power of 50,000 is  achieved bmy ,,,; f~
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operating the spectrometer in third order. The line shapes were
measured with experimental conditions that ensure lineari ty of
signal with electron beam current and background gas pressure. All
the cross sections and spectra were measured in the crossed~b e am
mode. The electron-impact-i nduced-fluorescence line profiles of H Lcx
at 20, 40 and 100 eV impact energy are shown in a series of spectra
in Fig. 1, along with the instrumental slit function o f  t h e
spectrometer. As expected at 40 and 100 eV, the line profile consists
of a narrow central peak and a broad wing base. The line profile a t
20 CV shows no pedestal base structure and is perfectly symmetric.
However, both the 40 and 100 eV profiles are asymmetric in t h e
peak and the wings. The 40 and 100 eV peaks are red shifted -3 m ~
from line center and the blue wing extends further from the line
center than the red wing. Similar effects in Balmer-p have been
studied and explained on the basis of anisotropic distribution of
fragment atoms (Nakashima et al., 1987), In this experiment, t h e
line profiles were measured at 90° both to the electron and molecular
beam axes. We assume that anisotropy is small. We have acquired a
vuv  pola r izer  in  our  labora tory  to  comple te  the  l ine  prof i le
asymmetry aspect of the study. Results  are awaited from this
experiment. In Fig. 1, the range of the measured FWHM of 44 m~ to
49 m~ is not narrow with respect to the instrumental slit function

fiansform (FFT) techniques were used(FWHM =24 m~).  Fast  Fourier
to recover the actual line profile (Press ct al., 1986). The measured
line profile is  the convolution of the true l ine profi le and the
instrumental slit function. Expressed mathematically, the measured
line profile, I(k),  is given by the convolution integral

I(L)= ~T(l’)  A(A- l’)d k’, (1)

where T(k’) is the true line profile at wavelength h’ and A(k– 1’) is
the instrumental response function. In the transform domain the
convolution becomes a simple product,

IT(s)= T~(s) AT(s)> (2)

where IT, T~, and AT are the FFT of 1,, T and A, respectively and s is
measured in inverse wavelength. Optimal Wiener filtering of t h e
measured signal, I, was performed, since it incluclcs a small noise
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component (Press ‘et al., 1986). Signal-to-noise ratio (S/N) is greater
than 100 for all line profiles. The ITT of T is given by,=~..-.

T~(s)=  ]T(S) ~T(S)/  f&(s) , (3)

where F( k) is the optimal filter. We selected a step filter to remove
high Xfrequency noise from both IT and A-r. A small amount of -.

A
“ringing”  in the pedestal portion of the true line profile for 40 and
100 eV is produced by the step function and is removed by a six-
point smooth. The true line profile, the measured line profile at 20
eVJ and the slit function are all approximately Gaussian. The root-
sum-square of the FWHM of the true line shape and the slit function
should approximately equal the FWHM of the measured profile. This
is found to be the case to within 2 m~ fol the 20~eV line profile, and
also for the line core of the other two profiles.

.\

I. YMAN-(x LINE PROFILE

Wc show in Fig. 2 the inverse FFT (FFT-l) of ~’l(s) and I ~(s) for
the 100~eV line profile. In addition, we show the FIT-l  of T~(s) for the
20ZeV line profile. The deconvolved line profile of the central peak is :-
f o u n d  t o  h a v e  ~~FWHM of  40  * 4 m~ for  the  201 40~’and 100~cV H A  ‘ :

L.ct line profiles. For the 100 ~ eV line profile, Y]e k ine t ic  energy \’
distribution of the fragments, P(E), is given by

P(E)=  k(dT/dL)  , (4)

where k is a multiplicative constant (Ogawa and Higo, 1979). The
combined kinetic energy distributions of the fast and slow H(2p)
fragments are shown in Fig. 3a for the red wing of the three line
profi les of  Fig.  1.  Figure 3b expands the low~energy  region (O-1 eV) -,, ,
and shows the slow fragment H(2p) kinetic energy distribution:=. The il.
20~eV results  and l ine core results  for 40 and 100 CV are achieved ,
without any smoothing to the FFT or to the derivative in eqn. 4. Since
the measured H Lcx line profiles for the central peaks at 20, 40, and
1 0 0  eV are nearly identical ,  i t  fol lows that  the r e s u l t a n t  s l o w
fragment distr ibution for each impact energy displays the same
shape. The slow fragment distribution has a FWHM of 260 i 20 me V
with a peak at 80 :~ 10 nleV for 2?, 40- ~ind 100 -eV electron impact

A
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energies. The results are compared to the TOl~ H(2s)  resu l t s  o f
Misakian a n d  Zorn. The  d i f fe rences  in  the  two resu l t s  may b e
attributed to the loss of sensitivity in T(IF experiments as the H(2s)
energy approaches zero. Both sets of results indicate a highzenergy
cutoff at near 1 eV (Ryan et al., 1979).

Preliminary results from the combined slow and fast fragment
energy distributions at 100 eV impact energy for both the red a n d
blue wings have been  prev ious ly  show]l (Ajello et al., 1995). The
small difference in the energy distribution of the fast  fragment
distribution shape results from asymmetries in  the  l ine  cen te r
pedestal width in Fig. 1. The fast distribution in Fig. 3a is based on
four~ point smoothing of P(E). Three peaks arc observed in  the
combined slow and fast H(2p) kinetic energy distribution. The large
peak, near zero energy, from the slow atom distribution has been
discussed above. The principal peak from the fast energy  distribution
occurs at 4 i 0,5 eV, while the minor secondary peak occurs at 2 ~
0.5 cV, The fast peak distribution can bc compared to H(2s) results
from a number of authors. The results of Spczeski  et al. (1980) are
nearly identical to those of Czuchlewski  and Ryan (1973). Our results
for H(2p) lie between the work of Misakian and Zorn (1972) and
Leventhal et al. (1967) and indicate that the fast 2s and 2p atoms
come from the same channels. A resolution of the fast H(2s) peak into
two definite peaks at 4.4 t 0.9 eV and ?.3 t 0.5 eV has only been
reported by Leventhal  et al. ( 1967) at an angle of 77° with respect t o
the electron beam axis. This result has been disputed by results of
Spczeski  et al,, (1980) who pointed out that no double peaks were

Ffound in their  measu~ments or those of Misakian and Zorn. I n
addition, they indicated atit’wthe outstanding problem associated with
the fast peak(s): What other dissociating channels beside Q2(1P,)
autoionizing states that dissociate i n t o  H(2p,2s,ls) +  H(2p,2s)
contributed to this distribution? Their main eviclence, tha t  o ther
states contribute, is a model of the changing energy dependence of
the H(2s) distr ibution function with elc.ctron impact energy.  The
pedestal shapes for 40 and 100 eV are quite different, indicating a
change in the fast H(2p) distribution OCCU]s with impact energy. The
maximum in the distribution function at 100 eV is 4.1 eV and the
peak shifts to 3,7 eV at 40 eV.

CROSS SECTION MEASIJREMENTS
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The cross sections of the fast a]ld s low H(2p)  d i ssoc ia t ion
processes can be studied individually at high resolution, By placing
the bandpass at line center, we obtained the excitation function of
the slow H(2p) atoms. The data and the modified Born approximation
model fit are shown in Fig. 4. The excitation function was put on a n
absolute scale by normalizing it to the cross section value at 100 eV
(5.32 x 10-’8 cm’) for singly excited states leading to the slow H(2p)
a t o m s  (Ajello  et al.,~991).  The  th reshold  reg ion  be low 20  eV is

4

dominated by H2- resonance and H 2 electron exchange processes
(Ajello  et al., 1991 ). The high-energy behavior is characteristic of a
dipole allowed transition.

To obtain a measurement of the excitation function for the fast
atoms, the wavelength position of the spectrometer was offset from
the line center. By placing the center of the bandpass on the blue
wing 104 m~ from the line center and restricting the FWHM of t h e
bandpass to 36 m~ established a data set that clearly shows the
threshold(s) for the fast processes. The excitation function for the
blue wing is shown in Fig. 5 for the threshold region. l~ig. 6 shows the
excitation function in the electron impact range 0-200 eV, along
with the modified Born model. The slow and fast data, described
herein, are fitted within experimental error using analytic cross
sections having the modified Born form

4

!aij = co (l-l/x) (x”’)

where  Qij (X) is the
threshold units:, and
et al., 1985a, b). The

+ ~ C~ (X-1) cxp(-kC~X) +C5 + C&X + C, in(X), (5)
k=l

collision strength, X is the electron energy i n
the C~ are constants of the function (Shemansky
excitation cross section is given by the equation

‘ij = ‘l](X) (];,j X ) , - ’ (6) ./ /—.-.
where Olj is the cross section in atomic units and Ii,j is the transition

‘,

energy in Rydberg  units.
Four thresholds were identified as shown in Fig. 5. The first

threshold at 16.67 eV must correspond to singly excited states tied to
the H(l s)+ H(3p,3s)  dissociation limit. Cascade from Ha contributes t o
the line profile above 16.67 eV. Blue light, a leak from the base of
the signal from the central peak, might be the reason for the slow



atom contribution - to the blue wing. Higo et al, (1982) find the slow
atom distribution for H2 (n23) to be broader than for n=2, above.

The other three thresholds can be attributed to doubly excited
states of H2 which have the lowest *Z, + and first excited *HU states of
H2+ as core orbitals, They are designated Q, and Qz, respec t ive ly
(Guberman, 1983).  The fundamental  calculat ions by  Guberman
(1983) allowed us to identify where the Q1 and Q2 states cross t h e

.- right ~ hand edge of the Franck-Condon  reg ion . The most closelyP
aligned thresholds o f  Guberman are associated with t h e
measurement. In some cases more than one threshold lies within 0.5
eV of the measurement uncertainty. For  the  f i r s t  t ime ,  f rom
detection of 2t states, doubly excited states of Hz are observed at the
lowest dissociation threshold of 23.0 eV. According to Gubermanj t h e
Q, (’X,+(l)) state is the responsible state. The next threshold at 27.63
eV can arise from the Q, (1 X~+(2)) state (at 27.2 eV), Q, (3’1H~(2))
states (at 27.4 eV and 27.5 eV), or/and Q1 (311 HU(2)) states (at 27.5
and 27.6 cV). However, the selection rules for molecular dissociation
do not allow any of the H~ transitions (Dunn, 1963). The final sharp
threshold in Fig. 5 at 29.92 eV correlates with a set of Q2 (lZ~+,*’sHU)
states between 30 and 32 eV. Thus,  many dissociat ion channels
contribute to the fast atom dissociation process as predicted b y
Spezeski et al (1980). The steep rise in cross section, beginning at 30
ev, verifies that  the dominant contribution to the fast H(2p)
d i s t r i b u t i o n  c o m e s  f r o m  t h e  Q2 (’~~’,  ‘H, )  s tates as previously
concluded for H(2s) (Misakian  and Zorn, 1972).

The plot of the cross section in Fig. 6 indicates an optically
. . forbidden process.  The shape is  indicative of the two; electron
/’ excitation process required for doubly excited states. The modified

Born approximation model is given in Table 1 and includes two
-~ ! thresholds, one each for the QI and Q? states, at 23.0 and 30.2

‘ ,’. / (Guberman,  1983), respectively. The models in Table 1 show that
the two cross seclions  a r e  a s s u m e d to have the same energy
dependence with 40 % of the cross section arising from the Q, state(s)
and 60 % attributed to the Q2 state(s). The strength of the threshold
behavior of the two processes from the data in l~ig. 5 and Fig. 6
clearly demonstrates the dominance of the Q 2 cross section.

The ratio of the fast to slow cross section is shown in Fig. 7 a n d
peaks at 100 eV. It has been concluded in our experiment that t h e
ratio falls sharply after 200 eV. Thus the quantum yield of fast
atoms peaks at 100 eV. Integrating under the  k ine t ic  energy

(3’V
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distribution in Fig. 4 gives .a’ fractional pcrcentage~  of 0.69 and 0.31,
for the slow and fast atoms, respectively. This  resu l t  can  be
compared to the low; resolution 100 eV CJOSS section budget from our
l a b o r a t o r y  (Ajello et al., 1991 ). This budget predicted t h a t  t h e
partitioning of dissociation from slow atoms and fast atoms occurred
with a fractional percentage of 0.73 and 0.27, respectively.
agreement within the 5% experimental error  bars for the fract
ratio testifies to the usefulness of  the  modi f ied  Dorn techr
d e v e l o p e d  b y  S h e m a n s k y  e t  a l .  (1985a,b) f o r  d i s s e c t i n g
resolution excitation functions consisting of distinct processes.
slow/fast atom quantum yield at 100 eV is quite different than

This
onal
ique
low~
The
t h a t

found  for  H(2s) by Carnahan  a n d  Z i p f  ( 1 9 7 7 ) .  T h e i r  m e a s u r e d
fractional percentages 0.87 and 0.13, respectively.

a. l-c

DISCUSSION

The H I-a line profile resulting from dissociative excitation of H2

reported here provides the information needed to include this
process  in  models  o f  the  product ion  of  Jup i te r ’ s  auroral  a n d
equatorial H I.u emission line profiles. Additionally, in both cases the
fast H-atoms resulting from dissociative excitation can enhance t h e
planetary emission through resonant scattering in the wings of the
broad solar line. “1’he experimental H La line width reported here
suggests that the fast~  atom population resulting from dissociative
excitation is not sufficient, by itself, to explain the observed line
broadening on Jupiter. However, this is one contributing process in
the production of the auroral  and equatorial I.cz “bulge” emissions
and the observed Doppler-broadened line profiles.

The H La l ine from dissociative excitat ion of H2 i s  m u c h
broader than the thermal Doppler absorption line profile for H La
from atomic H in the Jovian atmosphere. The radiative transfer of
the wings of H La from dissociative excitation is essentially optically
thin for an atmosphere thick in atomic H. A small wavelength region
within -75 m~ of line center, dependent on foreground abundance,
would be affected by atomic H absorption and multiple scattering
(Clarke et al.~991).

Within experimental uncertainty of approximately 0.5 eV, the
kinetic energy distribution~of the fast H(2s) and H(2p) atoms appear
to bc identical from 2 to 10 eV. Some ll(2p) structure is indicated
near 7 cV, which has been partially attributed to the second a n d



higher Q, states. Further line profile work via polarization studies
and at emission angles other than 90° is needed to understand t h e
secondary peak in the neighborhood of 2 Cv. One possible
explanation for this peak is the relative importance of cascade from
higher Rydbcrg  states for the fast~atom  contribution. We did observe
a threshold precisely at 16.7 eV from cascade. Our analysis shows a
contribution of 25% to the fast,< atom population of H(2p), whereas
H(2s) atoms contain only a 4% contribution (Ajcllo et al., 1991). The
superthermal energy released into the atmosphere by the doubly
excited states can be calculated

P
the cross sections provided b y

this work. froni
Above the threshold of singly excited states at 14.7 eV, the

importance of singly excited triplet states in the slow - atom
distribution is evident in the rapid rise of the cross section, The
importance of the various singlet anti triplet s t a t e s  h a s  b e e n
described elsewhere (Ajello et al., 1991). Compared to singlet states,
the triplet states such as e ‘Xu+ make a greater contribution to the
H(2p,2s)  slow~atom  cross section production at threshold.

Figure 8 shows a schematic of the potential energy  curves for
H 2 labeled with the important singly and doubly excited states. The
kinetic energy distribution is shown for the three processes found i n
this study. The slow H(2p) atoms can arise from direct excitation to
dissociating or predissociating  states. At 100 eV, the most important
singly excited state contributors to slow; atom H(2p) production arc
direct dissociation of the B’ lZU+ state and predissociation  of the B“, D
and D’ states
contribution
at 16.56 CV
dissociation
f i r s t  Q] lZ~+

by the B’ state (Ajello et al., 1991). There is also a small
to the slow;atom distribution function from Ha cascade
excitation energy corresponding t o  t h e  H(3t) + H(ls)

imit. A schematic of the fast~atom distribution for the
state is shown. The asymptotic limit for the Q, lZ~+

doubly excited state is 14.68 eV, while the inner part of the right;
hand edge of the Franck-Condon region occurs at 23 CV (Gubcrman,
1983). The left~hand  edge of the Franck-Condon region stretches t o
about 32 cV. The peak of the distribution occurs in the middle of t h c
region (-27-28 eV~ The most probable energy for the fast H(2p) atoms
is 4-5 eV. Similar distribution functions arise from the Q 2 (1~~+, lHU )
states but would lie 6-10 CV above t h e  H(2s,2p)  +  H(2s,2p)
asymptote at 24.9 eV. The Franck-Condon  region for the Qz states
would
energy

encompass the region from 30 to 40 CV on the potential
diagram. The Q2 states are the most important set of doubly



excited slates,  producing upon dissociation pairs of fast 2p and 2s
products. These atomic H products ma}be  the source  of  impor tan t /;
physical chemistry in the outer planets. ,’”
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FIGIJRE 1. Experimental spectra-._“~~) 100 eV H Lcx line profile; (b) 20-
eV H La l i n e  profile:, (c) zero -order slit function of experimental
apparatus scaled to third order; (d) 40 -eV H I.a. The data statistics
were better than 1% in a), b), and c).~’The wavelength step size i n
third order was 2.667 m~. The operating conditions, were established
as follows: (1) background gas pressure o f  -l-xYl 0- 4  t o r r  a n d  ( 2 )
electron beam current of 269 m~. Peak signal was 13000, 9000, and

~ 6000 counts in the 100- eV, 40- eV, a n d 2 0 -  eV l ine  profilesj
~ ~respectively,. with background signals of under 100 counts .  The

FWHM of the 100- eV, 40-eV,  20-eV, and instrument slit function are
47 m~, 44 m~, 49 m~l and 24 m~, respectively.

FIG(JRE 2. Deconvolution  of 20~ and 100j eV l ine profi le data along
with the inverse FFT of the FFT of the data in Fig. la.

FIGURE 3a. Fast H(2p); atom kinetic energy distribution function
compared to work of Misakian  and Zorn ( 1972).

FIGURE 3b, Kinetic energy H(2p) distribution of slow atoms at 20 and
100 eV compared to  work  of  Misakian  and Zorn ( 1 9 7 2 ) .  T h e
distributions arc obtained from Fig,. 1 as explained in the text using
FFT techniques.

FIGURE 4. Absolute cross section of the I l(2p) slow component from
an excitation function measurement of the line core of H La.  The
bandpass of the spectrometer is 24 m~. The modified Born
approximation model constants are given in Table 1.

Figure 5. Optical excitation function of H La line blue wing. The u v
bandpass is offset 104 m~ from line center. The bandpass is set a t
3 6  111~ FWHM. The Appearance P o t e n t i a l s  (Al)) o f  var ious
dissociation channels are found by modeling the linear behavior of
the cross section near threshold. The channel spacing is 20 meV. The
electron gun energy resolution is 300 meV.



FIGURE 6. Absolute cross section of the ll(2p) fast component from
an excitation function measurement of the blue wing centered 104
m~ from line center. The bandpass of the spectrometer is 36 m~.
The modified Born approximation model constants are given in Table
1 of H lAX.

L

FIGURE 7. Ratio of cross sections of fast H(2p) component to slow
H(2p) component from model of Fig. 4 and Fig. 6.

FIGURE 8. Partial potential energy diagram of H 2 showing the singly
excited and doubly excited states (Ajello  ct al., 1991 ). The inserts arc
a schematic of the fast and slow dissociation processes.
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